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[57] ABSTRACT 

A neW method of metal deposition With reduced metal 
residue after metal etching by cooling the Wafer before metal 
deposition is described. A ?rst patterned conducting layer is 
provided overlying a dielectric layer on the surface of a 
semiconductor substrate. The Wafer is cooled to a tempera 
ture of less than about 20° C. Thereafter, a metal layer is 
deposited overlying the ?rst patterned conducting layer. The 
metal layer is etched aWay Where it is not covered by a mask 
to complete formation of the metal line. Cooling of the Wafer 
before metal deposition decreases the metal residue found 
after metal etching. 

16 Claims, 6 Drawing Sheets 
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ADD ONE PROCESS STEP TO CONTROL 
THE SI DISTRIBUTION OF ALSICU TO 
IMPROVED METAL RESIDUE PROCESS 

WINDOW 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The invention relates to a method of metalliZation in the 

fabrication of integrated circuits, and more particularly, to a 
method of metalliZation in Which metal residue is decreased 
after metal etching in the manufacture of integrated circuits. 

(2) Description of the Prior Art 
In the manufacture of integrated circuit devices, multiple 

layers of metalliZation are often utiliZed. 

FIG. 1 illustrates a portion of a partially completed 
integrated circuit device. Semiconductor device structures 
such as gate electrodes, not shoWn, may be formed in and on 
a semiconductor substrate 10. An insulating layer 12 is 
deposited over the device structures and planariZed. A ?rst 
metalliZation is performed to form metal lines 14. An 
intermetal dielectric layer 16 is deposited over the metal 
lines and ?lling the gaps betWeen the lines as is conventional 
in the art. A second level of metalliZation is noW to be 
formed. 

Typically, a ?rst barrier layer of titanium 18 is deposited 
over the intermetal dielectric 16. Then the metal layer 20 is 
deposited over the titanium layer. This metal layer 20 is 
typically an aluminum alloy such as AlSiCu. A capping 
titanium nitride layer 22 is then formed. 

The metal layers 22, 20, and 18 are then etched to leave 
the desired metal line 24, shoWn in FIG. 2. HoWever, after 
etching, metal residue 28 has been found on the surface of 
the intermetal dielectric layer 16, as shoWn in FIG. 2. These 
metal residues may cause shorting of the device. It is 
possible that the metal residue may be left because of silicon 
precipitates 26, shoWn in FIG. 1. It may be that these silicon 
precipitates are not etched aWay When the metal layers are 
etched, but themselves act as a mask so that metal residues 
28 are left. These metal residues may comprise titanium 
from the titanium layer 18 or they may comprise aluminum 
or an aluminum alloy. It has been discovered that the transfer 
system in the metal deposition chamber can effect residue. 

US. Pat. No. 5,658,828 to Lin et al teaches a method of 
forming an aluminum contact in Which a ?rst titanium layer 
is deposited at 0 to 375° C., then an aluminum layer is 
deposited at 0 to 300° C. Without breaking vacuum, another 
layer of aluminum is deposited at 400 to 550° C. US. Pat. 
No. 4,716,050 to Green et al teaches a surface treatment at 
a temperature of less than 100° C. to produce a surface layer 
comprising hydroXl groups before deposition of aluminum. 

SUMMARY OF THE INVENTION 

Aprincipal object of the present invention is to provide an 
effective and very manufacturable method of metal deposi 
tion in the fabrication of integrated circuits. 

Afurther object of the invention is to provide a method for 
metal deposition Which decreases the formation of metal 
residue after metal etching. 
A still further object of the invention is to provide a 

method for metal deposition Which decreases metal residue 
after metal etching by cooling the Wafer before metal 
deposition. 

In accordance With the objects of this invention a neW 
method of metal deposition With reduced metal residue after 
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2 
metal etching by cooling the Wafer before metal deposition 
is achieved. A ?rst patterned conducting layer is provided 
overlying a dielectric layer on the surface of a semiconduc 
tor substrate and covered With an interlevel dielectric layer. 
The Wafer is cooled to a temperature of less than about 20° 
C. Thereafter, a metal layer is deposited overlying the 
interlevel dielectric layer. The metal layer is etched aWay 
Where it is not covered by a mask to complete formation of 
the metal line. Cooling of the Wafer before metal deposition 
decreases the metal residue found after metal etching. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings forming a material part of 
this description, there is shoWn: 

FIGS. 1 and 2 schematically illustrate in cross-sectional 
representation the metal residue problem of the prior art. 

FIG. 3 is a cross-section in top vieW of a deposition 
chamber transfer system. 

FIGS. 4 through 8 schematically illustrate in cross 
sectional representation a preferred embodiment of the 
present invention. 

FIGS. 9 and 10 graphically represent the distribution of 
silicon Within the metal layer. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW more particularly to FIG. 3, there is 
illustrated a portion of a cleanroom transfer system 42. 
Wafer handler robots 44 Within the buffer chamber 48 and 
the transfer chamber 46 transfer the Wafers betWeen cham 
bers. The Wafer enters the cleanroom through the load/lock 
port 50. The Wafer is degased in the degas chamber 52, then 
goes through a pre-clean in chamber 54. Next, the titanium 
layer is deposited in chamber 60 folloWed by deposition of 
the aluminum layer in 62. It has been found that the transfer 
system in the deposition chamber can effect the metal 
residue. 

FIG. 4 illustrates a portion of a partially completed 
integrated circuit device. There is shoWn a semiconductor 
substrate 10, preferably composed of monocrystalline sili 
con. Semiconductor device structures such as gate elec 
trodes and source and drain regions, not shoWn, may be 
formed in and on the substrate and covered With a dielectric 
layer 12. 
A ?rst conducting layer, such as metal or polysilicon is 

deposited over the planariZed dielectric layer 12 and pat 
terned to form conducting lines 14. An interlevel dielectric 
layer 16 is deposited over the metal lines 14 as is conven 
tional in the art. 

NoW the metalliZation process of the present invention 
Will be described. The Wafer is placed into the deposition 
chamber through the load/lock chamber 50, shoWn in FIG. 
3. The Wafer is degased in chamber 52, then undergoes 
pre-cleaning in chamber 54. A single step is added to the 
conventional deposition process. This single step Will 
decrease the metal residue formed after metal etching. 
The Wafer is transferred to the bypass chamber 57 Where 

the Wafer is cooled by ?oWing Water into the chamber at 
about 11° C. for about 30 seconds. This Will cool the Wafer 
to a temperature of beloW about 20° C. This Water cooling 
increases the ef?ciency of the cooling process and Will not 
impact the Wafers per hour throughput of the metal deposi 
tion system. 
From here, the Wafer is transferred to chamber 60 Where 

the titanium layer 18 is deposited, as shoWn in FIG. 5. The 
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titanium layer may be deposited at a temperature of about 
100° C. to a thickness of betWeen about 150 to 1500 
Angstroms. 

Next, the Wafer is transferred to chamber 62 Where the 
aluminum 20 is deposited, as shoWn in FIG. 6. The alumi 
num layer may be AlSiCu deposited at a temperature of 
about 300° C. to a thickness of betWeen about 800 to 8000 

Angstroms. 

Alternatively, the Wafer could be cooled in chamber 57 
after the titanium deposition and before the aluminum 
deposition. In this case, the Wafer is gas cooled from the 
backside of the Wafer. 

Cooling the Wafer before aluminum deposition changes 
the distribution of silicon in the aluminum and thus in?u 
ences the metal etching process. FIG. 9 is a SIMS analysis 
of the silicon ion distribution in the AlSiCu layer for 
different deposition temperatures. Line 91 shoWs the tita 
nium distribution, line 92 shoWs the copper distribution, and 
lines 93—96 shoW the silicon distribution. Line 95 is the 
silicon distribution for AlSiCu deposited at 300° C. using the 
HP transfer system having one transfer blade. The other lines 
shoW the silicon distribution for AlSiCu deposited at 270° C. 
(line 93), 300° C. (line 94), and 320° C. (line 96), all using 
the VHP transfer system Which has tWo transfer blades. The 
loWer temperature (line 93) shoWs broader distribution While 
the higher temperature (line 96) or the HP system (line 95) 
has a sharper curve and is closer to the interface of the 
titanium and the AlSiCu. This phenomenon Was also seen in 
a TEM analysis. For metal etching, it is easier if the silicon 
distribution is nearer the substrate. 

The inventors of the present invention performed a loop 
test to determine the best Way to cool the Wafer so that metal 
residues Were minimiZed. Table 1 illustrates various pro 
cesses used in the VHP transfer system and the resulting 
metal residues observed. The VHP system is preferred 
because its tWo transfer blades increase the system through 
put. 

TABLE 1 

# Condtion Residue 

1 standard (CHA: 20 sec) 142 
2 etch chamber bypass 59 
3 CHA (bypass) 0 secs 78 
*4 CHA (bypass) 80 secs 20 
*5 CH3 (Ti dep) precool 30 secs 27 
*6 CH3 (Ti dep) precool 60 secs 20 
*7 CH3 (Ti dep) postcool 30 secs 20 
*8 CH3 (Ti dep) postcool 60 secs 15 
9 CH2 (AlSiCu dep) preheat 30 secs >200 

*10 CH2 (AlSiCu dep) postcool 30 secs 21 
*11 CH2 (AlSiCu dep) postcool 60 secs 28 
12 CH4 (TiN dep) delay 60 secs 34 
13 CH4 (TiN dep) shorten delay 41 

It can be seen from Table 1 that the processes marked With 
an ‘*’ have very loW metal residue. Cooling before or after 
the AlSiCu deposition step resulted in loW metal residue. 

The inventors performed another loop test to determine if 
the addition of the cooling step in chamber A (CHA), the 
bypass chamber, Would affect throughput. Table 2 illustrates 
various processes along With the resulting residue and 
throughput measured in Wafers per hour 
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TABLE 2 

# Condition Residue WPH 

1 VHP system, standard 249 37 
2 HP system, standard 64 33.5 

*3 VHP, standard AlSiCu dep temp 320° C. 25 37 
4 VHP, CHA: 85 secs + 15 secs 93 26 
5 VHP, TI postcool 30 secs 59 28.5 
6 VHP, CHA: 15 + 5 secs; Water cooling 106 37 

*7 VHP, CHA: 30 + 5 secs; Water cooling 41 37 
*8 VHP, CHA: 15 + 5 secs; Water cooling; AlSiCu 8 37 

320° C. 
*9 VHP, CHA: 15 + 5 secs; Water cooling; Ti postcool 24 28.5 

30 secs 

The results from Table 2 shoW that the addition of cooling 
Water in the bypass chamber, chamber A (CHA), and 
increasing the AlSiCu temperature are possible solutions for 
metal residue. The silicon distribution of the SIMS analysis, 
illustrated in FIG. 10, shoWs the same result. That is, the 
silicon distribution closer to the interface of Ti/AlSiCu got 
a better result. 

FIG. 10 is a SIMS analysis shoWing the distribution of 
aluminum (line 101), titanium (line 102) and copper (line 
103) and shoWing the silicon distribution for various pro 
cesses (lines 1, 3, 5, 7, and 8). Line numbers correspond to 
the lines in Table 2. 
From the results in Tables 1 and 2, the inventors have 

concluded that the addition of a cooling procedure before 
AlSiCu deposition can improve the process WindoW of the 
metal residue. The bypass chamber implemented With cool 
ing Water can increase the cooling efficiency and Will not 
effect the Wafer per hour throughput of the transfer system. 

Processing noW continues as is conventional. A titanium 
nitride capping layer 22 is deposited over the aluminum 
layer, as illustrated in FIG. 7, in the chamber 64. The 
titanium nitride layer may be deposited to a thickness of 
betWeen about 50 to 300 Angstroms. The Wafer then enters 
the cooldoWn chamber 66, then eXits through the load/lock 
chamber 70. 
NoW, the metal layers 22, 20, and 18 are etched aWay 

Where not covered by a mask (not shoWn) to form the metal 
line 40, as illustrated in FIG. 8. No metal residue results. The 
cooling process of the present invention prior to the alumi 
num deposition prevents the metal residue. 
The process of the present invention provides a simple 

and effective method of decreasing metal residue. The Water 
cooling process of the present invention improves the pro 
cess WindoW of metal residue While maintaining Wafer 
throughput. 

While the invention has been particularly shoWn and 
described With reference to the preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made Without 
departing from the spirit and scope of the invention. 
What is claimed is: 
1. A method of forming a metal line on a Wafer in the 

fabrication of an integrated circuit comprising: 
providing a ?rst patterned conducting layer covered by an 

insulating layer and overlying a dielectric layer on the 
surface of a semiconductor substrate; 

cooling said Wafer by immersing said Wafer in Water; 
thereafter depositing a metal layer overlying said insulat 

ing layer; and 
etching aWay said metal layer Where it is not covered by 

a mask to complete formation of said metal line on said 
Wafer in the fabrication of said integrated circuit. 
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2. A method according to claim 1 wherein said step of 
cooling said Wafer comprises immersing said Wafer in Water 
at a temperature of about 11° C. for 30 seconds. 

3. A method according to claim 1 Wherein said Wafer is 
cooled to a temperature of beloW about 20° C. 

4. Amethod according to claim 1 Wherein said metal layer 
comprises: 

a ?rst layer of titanium; 

a layer of aluminum overlying said titanium layer; and 

a layer of titanium nitride overlying said aluminum layer. 
5. A method according to claim 4 Wherein said aluminum 

layer comprises AlSiCu. 
6. Amethod according to claim 1 Wherein said metal layer 

comprises AlSiCu. 
7. A method according to claim 1 Wherein said step of 

cooling said Wafer decreases the formation of metal residue 
after said step of etching aWay said metal layer. 

8. A method of forming a metal line on a Wafer Without 

metal residue in the fabrication of an integrated circuit 
comprising: 

providing a ?rst patterned conducting layer covered With 
an insulating layer and overlying a dielectric layer on 
the surface of a semiconductor substrate; 

cooling said Wafer to a temperature of less than about 20° 
C. by immersing said Wafer in Water at a temperature 
of about 11° C. for 30 seconds; 

thereafter depositing a metal layer overlying said insulat 
ing layer Wherein said cooling said Wafer prevents 
formation of metal precipitates; and 

etching aWay said metal layer Where it is not covered by 
a mask Wherein said prevention of said metal precipi 
tates prevents metal residue after said etching to com 
plete formation of said metal line on said Wafer Without 
said metal residue in the fabrication of said integrated 
circuit. 
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9. Amethod according to claim 8 Wherein said metal layer 

comprises: 
a ?rst layer of titanium; 
a layer of aluminum overlying said titanium layer; and 
a layer of titanium nitride overlying said aluminum layer. 
10. Amethod according to claim 9 Wherein said aluminum 

layer comprises AlSiCu. 
11. A method according to claim 8 Wherein said metal 

layer comprises AlSiCu. 
12. A method of forming a metal line on a Wafer in, the 

fabrication of an integrated circuit comprising: 
providing a ?rst patterned conducting layer covered by an 

insulating layer and overlying a dielectric layer on the 
surface of a semiconductor substrate; 

Water cooling said Wafer by immersing said Wafer in 
Water; 

thereafter depositing a titanium layer overlying said insu 
lating layer; 

depositing an AlSiCu layer overlying said titanium layer; 
depositing a titanium nitride layer overlying said AlSiCu 

layer; and 
etching aWay said titanium nitride, AlSiCu, and titanium 

layers Where they are not covered by a mask to com 
plete formation of said metal line on said Wafer in the 
fabrication of said integrated circuit. 

13. A method according to claim 12 Wherein said step of 
Water cooling said Wafer comprises immersing said Wafer in 
Water at a temperature of about 11° C. for 30 seconds. 

14. Amethod according to claim 12 Wherein said Wafer is 
cooled to a temperature of less than about 20° C. 

15. A method according to claim 12 Wherein said step of 
Water cooling said Wafer is performed before said step of 
depositing said AlSiCu layer. 

16. A method according to claim 12 Wherein said step of 
Water cooling said Wafer decreases the formation of metal 
residue after said step of etching aWay said metal layer. 

* * * * * 
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